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monitoring result, adjusting at least one of delay elements and
filter taps of the filter to vary an impulse response of the filter.
Other embodiments are also described.
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1
SYSTEM AND METHOD FOR OPERATING A
FILTER FOR ECHO CANCELLATION

Embodiments of the invention relate generally to elec-
tronic systems and methods and, more particularly, to sys-
tems and methods for operating a filter.

When a signal such as a discrete time signal is transmitted
over a full duplex communication channel, the received sig-
nal will be distorted compared to the transmitted signal,
because of near-end echo and far-end echo effects. The signal
distortion caused by these echo effects is a common phenom-
enon in high speed serial communication systems, for
example, Universal Serial Bus (USB) systems and Ethernet
systems. An echo canceller can be used to reduce or even
eliminate the echo from the received symbol. However, the
impulse response of the communication channel with echo
typically does not remain constant.

An adaptive filter can be used to match the impulse
response of the communication channel that varies over time.
For example, in some serial communication system, the
impulse response of the communication channel may shift in
time by more than one period of the baud rate. In order to cope
with the variability of channel impulse response, an adaptive
filter must be able to perform in the normal, the best case, and
the worst case scenarios. In a conventional echo cancellation
device, the number of taps of an adaptive filter has to be over
dimensioned, such that the adaptive filter can perform under
every channel condition. If an echo canceller is dimensioned
for the worst channel condition, its adaptive filter need to
maintain a large number of filter taps and delay elements. For
example, implementing an unnecessary large number of filter
taps and delay elements consumes more silicon area, limits
possible clock speed and increase power consumption.

Systems and methods for operating a filter for echo can-
cellation are described. In one embodiment, a method for
operating a filter for echo cancellation involves monitoring at
least one of a filter coefficient of the filter and an echo can-
cellation error to generate a monitoring result and, in response
to the monitoring result, adjusting at least one of delay ele-
ments and filter taps of the filter to vary an impulse response
of'the filter. Other embodiments are also described. By adjust-
ing the filter in response to the filter coefficient or the echo
cancellation error, the impulse response of the filter can be
adaptively tuned to the communication channel. Conse-
quently, the filter can be used for a communication channel
with varying impulse response.

In one embodiment, a method for operating a filter for echo
cancellation involves monitoring at least one of a filter coef-
ficient of the filter and an echo cancellation error to generate
a monitoring result and in response to the monitoring result,
adjusting at least one of delay elements and filter taps of the
filter to vary an impulse response of the filter.

In one embodiment, a system for operating a filter for echo
cancellation includes a monitoring module configured to
monitor at least one of a filter coefficient of the filter and an
echo cancellation error to generate a monitoring result and an
adjustment module configured to, in response to the monitor-
ing result, adjust at least one of delay elements and filter taps
of the filter to vary an impulse response of the filter.

In one embodiment, a method for operating a filter of a
serial communication device for echo cancellation involves
comparing an echo cancellation error of the serial communi-
cation device with a predefined range, enabling at least one
delay element of the filter if the echo cancellation error falls
outside of the predefined range, comparing a filter coefficient
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2

of the filter with a predefined threshold, and if the filter
coefficient is smaller than the predefined threshold, turning
off a filter tap of the filter.

Other aspects and advantages of embodiments of the
present invention will become apparent from the following
detailed description, taken in conjunction with the accompa-
nying drawings, depicted by way of example of the principles
of the invention.

FIG. 1is aschematic block diagram of an echo cancellation
device in accordance with an embodiment of the invention.

FIG. 2 depicts a first embodiment of the echo cancellation
device depicted in FIG. 1.

FIG. 3 depicts a second embodiment of the echo cancella-
tion device depicted in FIG. 1.

FIG. 4 is a flow chart that illustrates an exemplary opera-
tion of the echo cancellation device depicted in FIG. 3.

FIG. 5 is a process flow diagram of a method for operating
a filter for echo cancellation in accordance with an embodi-
ment of the invention.

Throughout the description, similar reference numbers
may be used to identify similar elements.

It will be readily understood that the components of the
embodiments as generally described herein and illustrated in
the appended figures could be arranged and designed in a
wide variety of different configurations. Thus, the following
detailed description of various embodiments, as represented
in the figures, is not intended to limit the scope of the present
disclosure, but is merely representative of various embodi-
ments. While the various aspects of the embodiments are
presented in drawings, the drawings are not necessarily
drawn to scale unless specifically indicated.

The described embodiments are to be considered in all
respects only as illustrative and not restrictive. The scope of
the invention is, therefore, indicated by the appended claims
rather than by this detailed description. All changes which
come within the meaning and range of equivalency of the
claims are to be embraced within their scope.

Reference throughout this specification to features, advan-
tages, or similar language does not imply that all of the
features and advantages that may be realized with the present
invention should be or are in any single embodiment. Rather,
language referring to the features and advantages is under-
stood to mean that a specific feature, advantage, or character-
istic described in connection with an embodiment is included
in at least one embodiment. Thus, discussions of the features
and advantages, and similar language, throughout this speci-
fication may, but do not necessarily, refer to the same embodi-
ment.

Furthermore, the described features, advantages, and char-
acteristics of the invention may be combined in any suitable
manner in one or more embodiments. One skilled in the
relevant art will recognize, in light of the description herein,
that the invention can be practiced without one or more of the
specific features or advantages of a particular embodiment. In
other instances, additional features and advantages may be
recognized in certain embodiments that may not be present in
all embodiments of the invention.

Reference throughout this specification to “one embodi-
ment,” “an embodiment,” or similar language means that a
particular feature, structure, or characteristic described in
connection with the indicated embodiment is included in at
least one embodiment. Thus, the phrases “in one embodi-
ment,” “in an embodiment,” and similar language throughout
this specification may, but do not necessarily, all refer to the
same embodiment.

FIG. 1is aschematic block diagram of an echo cancellation
device 100 in accordance with an embodiment of the inven-
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tion. The echo cancellation device can be used for communi-
cation channel echo cancellation for various communication
systems. In an embodiment, the echo cancellation device is a
component of a serial communication device 130 that can
send data sequentially over a communication channel.
Examples of the serial communication device include, with-
out being limited to, a Universal Serial Bus (USB) device, an
Ethernet device, an IEEE 1394 fire wire device and an I°C
device. The serial communication device can be embodied in
various physical forms. For example, the serial communica-
tion device may be implemented as an Integrated Circuit (IC)
chip. In an embodiment, the serial communication device is
an automotive Ethernet physical layer (PHY) chip.

The serial communication device 130 can be used for vari-
ous applications. In an embodiment, the serial communica-
tion device is a part of a communication network (not shown)
that is used for an automotive application. For example, the
communication network facilitates communication among
communication devices, such as electronic controller nodes
in an automobile system, which may be located within a
single vehicle or distributed across multiple vehicles. The
communication network may be an in-vehicle network
(IVN), for example, a Local Interconnect Network (LIN), a
Controller Area Network (CAN) or a FlexRay™ compatible
network. A LIN is a vehicle bus system used within automo-
tive network architectures. A CAN is a vehicle bus network
designed to allow microcontrollers and devices to communi-
cate with each other within a vehicle without a host computer.
A FlexRay™ compatible communication network is a com-
munication network that is designed, developed, manufac-
tured, and/or configured compatibly with or in accordance to
the FlexRay™ communication system specifications devel-
oped by the FlexRay™ Consortium. A FlexRay™ compat-
ible communication network is a robust, scalable, determin-
istic and fault-tolerant serial bus network for automotive
applications. For example, a FlexRay™ communication sys-
tem can be used by a car manufacturer to adopt an in-vehicle
network (IVN) with increasingly higher data communication
speeds to accommodate an increasing number of advanced
features in automobiles.

In the embodiment depicted in FIG. 1, the echo cancella-
tion device 100 includes an adaptive filter 102, a filter control
unit 104 and a signal processing unit 106. The adaptive filter
102 is used for echo cancellation and to match the impulse
response of the communication channel that varies over time.
The adaptive filter 102 can be any suitable type of digital/
analog filter. For example, the adaptive filter 102 may be a
finite impulse response (FIR) filter whose impulse response is
of finite duration. In some embodiments described below, the
adaptive filter 102 is a digital filter that includes at least one
delay element and has at least one filter tap. A delay element
is a component that provides a specified delay. In some
embodiments, a delay element is implemented as a delay
circuit. For example, a delay element may be a digital delay
circuit, such as, a digital delay line that allows a signal to be
delayed by one or more samples. In the term of z-transform,
adelay element that causes a delay of one sample is notated as
Z7* and a delay element that causes a delay of N samples is
notated as Z, where N is a positive integer that is larger than
one. For a digital filter, such as a FIR filter, the output signal
of the digital filter is a weighted sum of the current and
previous values of an input signal to the digital filter, which
include a signal sample and one or more delayed versions of
the signal sample. The current and previous values of the
input signal to the digital filter are referred to as the taps of the
digital filter. In other words, taps of a digital filter are varia-
tions (undelayed/delayed) of the input signal of the digital
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filter that are included in the output signal of the digital filter.
For example, the output signal, y[n], and the input signal,
d[n], of a discrete time FIR filter may satisfy:

v M
Ml = ) Cixdln— i,
i=0

where C, represents filter coefficients, N represents the filter
order, d[n—i] represents filter taps, and N is a positive integer.
Herein, n represents the signal index of a discrete signal,
which is a non-negative integer.

The filter control unit 104 is configured to adjust the adap-
tive filter 102 to operate in normal, best case, and worst case
scenarios. In an embodiment, the filter control unit 104
includes a monitoring module 108 configured to monitor at
least one of a filter coefficient of the adaptive filter and an echo
cancellation error to generate a monitoring result and, an
adjustment module 110 configured to, in response to the
monitoring result, adjust at least one delay element or at least
one filter tap of the adaptive filter 102 to vary an impulse
response of the adaptive filter 102. By adjusting the adaptive
filter in response to the filter coefficient or an echo cancella-
tion error, the channel impulse response of the echo cancel-
lation device 100 can be adaptively tuned to the communica-
tion channel. Consequently, the adaptive filter 102 can be
used for a communication channel with varying impulse
response. Compared to a conventional adaptive filter with an
unnecessary large number of delay elements and filter taps,
the adaptive filter 102 can perform in normal, best case, and
worst case scenarios with fewer delay elements and filter taps.
In the adaptive filter 102, the delay element or the filter tap
that is not needed can be shut down to lower the power
consumption. Consequently, compared to a conventional
adaptive filter, the adaptive filter 102 can have decreased
power consumption, reduced silicon area and can be operated
at higher clock speed.

The signal processing unit 106 is configured to derive the
echo cancellation error from an output signal of the adaptive
filter 102. In the embodiment depicted in FIG. 1, the signal
processing unit is implemented as a subtractor. However, in
other embodiments, the signal processing unit 106 may be
any suitable analog or digital signal processing device. In an
embodiment, the adaptive filter 102 estimates a communica-
tion channel echo and the signal processing unit 106 calcu-
lates the echo cancellation error as the difference between the
estimated communication channel echo and an input signal
received at the adaptive filter 102. Although the signal pro-
cessing unit 106 is shown in FIG. 1 as being separate from the
adaptive filter 102 and the filter control unit 104, in some
embodiments, the signal processing unit 106 is integrated in
the adaptive filter 102 or the filter control unit 104.

An example operation of the echo cancellation device 100
is described as follows. An input symbol, d(n), is inputted into
the adaptive filter. n represents the signal index, which is a
non-negative integer. The input symbol, d(n), is noise free.
The adaptive filter outputs an estimated echo, y(n), which is to
be subtracted from a received symbol, r(n), at the subtractor
106. The received symbol, r(n), is the sum of echo noise and
atransmitted symbol. Echo cancellation error, e(n), is equal to
the difference between the estimated echo, y(n), and the
received symbol, r(n).

FIGS. 2 and 3 depict two embodiments of the echo cancel-
lation device 100 depicted in FIG. 1. Echo cancellation
devices 200, 300 depicted in FIGS. 2 and 3 are merely two of
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the possible implementations of the echo cancellation device
100 depicted in FIG. 1. However, the echo cancellation device
100 depicted in FIG. 1 can be implemented differently from
the echo cancellation devices 200, 300 depicted in FIGS. 2
and 3. The invention is not restricted to the particular imple-
mentation of the echo cancellation devices 200, 300 depicted
in FIGS. 2 and 3.

FIG. 2 depicts an embodiment of the echo cancellation
device 100 depicted in FIG. 1 where the channel impulse
response is tuned by varying the delay elements 214-0 . . .
214-N (N is a positive integer) while keeping the filter taps
unchanged. In the embodiment depicted in FIG. 2, the echo
cancellation device 200 includes an adaptive filter 202, a filter
control unit 204 and a signal subtractor 206. In an embodi-
ment, if the impulse response of the communication channel
changes from the nominal case to the worst case, the filter
control unit 204 adjusts (increases or decreases) the number
k, of delay elements 214 with a z-transform function, Z~*, of
the adaptive filter 202 that are enabled to the point where the
echo cancelation error, e(n), is minimized. Herein, n repre-
sents the signal index, which is a non-negative integer. The
echo cancellation error, e(n), is equal to the difference
between the estimated echo, y(n), that is generated by the
adaptive filter 202 and a received symbol, r(n). In this
embodiment, if the impulse response of the channel changes
from a nominal case to the best case, the filter control unit 204
decreases the number, k, of enabled delay elements 214 of the
adaptive filter 202.

In the embodiment depicted in FIG. 2, the adaptive filter
202 is an N order filter that includes N+1 discrete delay
elements 214-0 . . . 214-N, Z7!, a filter coefficient update unit
216, a multiplier unit 218, and an adder unit 220. Each of the
delay elements 214 is controlled by the adjustment module
210. Although the adaptive filter 202 is shown in FIG. 2 as
including four delay elements 214, in some embodiments, the
adaptive filter 202 includes more than or less than four delay
elements 214. The adaptive filter 202 has N+1 filter coeffi-
cients, Cy, C;, C,, . . ., Cu, and N+1 filter taps. The filter
coefficient update unit 216 is configured to update the filter
coefficients. In an embodiment, the filter coefficient update
unit 216 updates the filter coefficients based on the echo
cancelation error, e(n). The filter coefficient update unit can
use different algorithms, such as least mean square (LMS)
and recursive least square (RLS), to update the filter coeffi-
cients. The multiplier unit 218 is configured to multiply each
filter coefficient with a corresponding delayed input symbol.
In the embodiment depicted in FIG. 2, the multiplier unit 218
includes N+1 multipliers My, M|, M,, . .., M, and each of
the multipliers multiplies a delayed input signal with a cor-
responding one of the filter coefficients, C,, C,, C,, ..., Cy\-
The adder unit 220 is configured to add the multiplication
products together to generate an estimated communication
channel echo. The signal subtractor 206 subtracts the esti-
mated echo, y(n), generated by the adaptive filter 202 from a
received symbol, r(n), to generate an echo cancellation error,
e(n). In the embodiment depicted in FIG. 2, the filter control
unit 204 includes a monitoring module 208 that is configured
to monitor, process and analyze the echo cancelation error,
e(n), and an adjustment module 210 that is configured to
enable or disable the delay elements 214 to a desired number,
k, of operating delay elements. In an embodiment, the moni-
toring module 208 calculates a mean square error (MSE) of
the echo cancelation error, e(n), and derives a desired number,
k, of the delay elements 214 from the mean square error of the
echo cancelation error, e(n).

In the echo cancellation device 200, the filter taps of the
adaptive filter 202 are kept unchanged. As shown in FIG. 2,
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6

the connections between the delay elements 214-0 . . . 214-N,
the corresponding multipliers, My, M;, M, . . ., M,, of the
multiplier unit 218, the filter coefficient update unit 216 and
the adder unit 220 are not switchable. Consequently, the
delayed input signals from all of the delay elements 214 are
used to generate the output signal, y[n]. The output signal,
y[n], and the input signal, d[n], of the adaptive filter 202
satisty:

N @)
yin = € xdln -,
=0

where C, represents filter coefficients, N represents the filter
order, and d[n-i] represents filter taps.

However, in some embodiments, the filter taps of an adap-
tive filter can be changed. FIG. 3 depicts an embodiment of
the echo cancellation device 100 depicted in FIG. 1 where the
delay elements 314 and filter taps are varied in order to fine
tune the channel impulse response. In the embodiment
depicted in FIG. 3, the echo cancellation device 300 includes
an adaptive filter 302, a filter control unit 304 and a signal
subtractor 306. The adaptive filter 302 is an N (N is a positive
integer) order filter that includes N+1 discrete delay elements
314-0 . . . 314-N, with a z-transform function, Z7!, a filter
coefficient update unit 316, a multiplier unit 318, and an adder
unit 320. The filter coefficient update unit 316, the multiplier
unit 318 and the adder unit 320 performs similar or the same
function as the filter coefficient update unit 216, the multiplier
unit 218, and the adder unit 220, respectively. The adaptive
filter 302 has N+1 filter coefficients, Cy, C,,C,, ..., Cy, and
N+1 filter taps. The multiplier unit 318 includes N+1 multi-
pliers My, M;, M,, . . . , M, and each of the multipliers
multiplies a delayed input signal with a corresponding one of
the filter coefficients, C,, C,, C,, . . ., C,. The signal subtrac-
tor 306 subtracts the estimated echo, y(n), generated by the
adaptive filter 302 from a received symbol, r(n), to generate
an echo cancellation error, e(n). Herein, n represents the
signal index, which is a non-negative integer.

The filter control unit 304 of the echo cancellation device
300 includes a monitoring module 308 that is configured to
monitor, process and analyze the echo cancelation error, e(n),
and an adjustment module 310 that is configured to enable or
disable at least one of the delay elements 314-0 .. . 314-N of
the adaptive filter 302 to a desired number, k, and to turn on or
turn off at least one of the filter taps of the adaptive filter 302.
Turning on a filter tap of the adaptive filter 302 means includ-
ing the corresponding version of the input signal, d[n], of the
adaptive filter 302 in the output signal, y[n], of the adaptive
filter 302. Turning off a filter tap of the adaptive filter 302
means excluding the corresponding version of the input sig-
nal, d[n], of the adaptive filter 302 in the output signal, y[n],
of'the adaptive filter 302. Turning on or turning off a filter tap
of the adaptive filter 302 is also referred to selection or dese-
lection of the filter tap.

Inthe embodiment depicted in FIG. 3, turning on or turning
off the filter taps of the adaptive filter 302 are done by switch-
ing the connections between the delay elements 314-0 . . .
314-N, the corresponding multipliers, My, M, M,, ..., M,
of'the multiplier unit 318, the filter coefficient update unit 316
and the adder unit 320. As shown in the dotted regions 322,
324, 326, switches S5, S, Sy, - - -, Son are used in the
connections between the delay elements 314-0 .. . 314-N, the
corresponding multipliers, My, M;, M,, . . . , M,, of the
multiplier unit 318 and the adder unit 320. In particular, a
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group of switches S ,o, S 1, S5, - - ., S, (in dotted region
322) are implemented in the connections between the delay
elements 314-0 . .. 314-N and the filter coefficient update unit
316, a group of switches Sz, Sz, Szo, - - -, Sga (in dotted
region 324) are implemented in the connections between the
filter coefficient update unit 316 and the multipliers, My, M,
M,, . .., M, of the multiplier unit 318, and a group of
switches Sq, Sy, Seas - - -5 S (1n dotted region 326) are
implemented in the connections between the multipliers of
the multiplier unit 318 and the adder unit 320. Although each
group of the switches S, S, ;.S 5, - . ., S is shown in FIG.
2 as including four switches, in some embodiments, each
group of the switches includes more than or less than four
switches. In addition, although the switches S,,, S|,
Sz - s Separe shown in FIG. 2 as including three groups of
switches, in some embodiments, the switches includes more
than or less than three groups of switches.

The switches S 0, S,,,S 45, - - - s Separe divided into switch
sets according to the connections that the switches are located
in. For example, the switches S ,,, Sz0, S form a switch set
that controls the connection between the delay element 314-0
and the adder unit 320, the switches S,,, Sz,, S, form a
switch set that controls the connection between the delay
element 314-1 and the adder unit 320, the switches S ,,, S,
S, form a switch set that controls the connection between the
delay element 314-2 and the adder unit 320, and the switches
S i Szas S form a switch set that controls the connection
between the delay element 314-N and the adder unit 320. The
switches in each of the switch sets are switched on or off
simultaneously. The adjustment module 310 includes a
switching unit 328 that turns on or off at least one particular
switch set of the adaptive filter 302. Switching on a particular
switch set using the switching unit 328 causes the corre-
sponding version of the input signal, d[n], of the adaptive
filter 302 to be included in the output signal, y[n], of the
adaptive filter. Switching off a particular switch set using the
switching unit 328 causes the corresponding version of the
input signal, d[n], of the adaptive filter 302 to be excluded
from the output signal, y[n], of the adaptive filter. For
example, when the set of switches S ,,, Sz, S o, Which con-
trols the connection between the delay element 314-0 and the
adder unit 320, is switched on, the delayed input signal from
the delay element 314-0 is included in the output signal, y[n],
of the adaptive filter 302. When the set of switches S ,,, Sz,
Sco, Which controls the connection between the delay ele-
ment 314-0 and the adder unit 320, is switched off, the
delayed input signal from the delay element 314-0is excluded
from the output signal, y[n], of the adaptive filter 302. The
output signal, y[n], and the input signal, d[n], of the adaptive
filter 302 satisty:

N 3
ylnl = Zs; X C;xd[n -],
=0

where N represents the filter order, d[n—i] represents filter
taps, C, represents filter coefficients, and S, represents the
switching status of the corresponding switch set. S, is equal to
zero if the corresponding switch set is switched off by the
switching unit and one if the corresponding switch set is
switched on by the switching unit.

In an embodiment, the monitoring module 308 calculates a
mean square error (MSE) of the echo cancelation error, e(n),
and derives a desired number, k, of the enabled delay ele-
ments 314 and a desired number of connected filter taps from
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the mean square error of the echo cancelation error, e(n). In an
embodiment, the adjustment of the filter taps is done by
monitoring the filter coefficient. If the value of a filter coef-
ficient is below (i.e., smaller than) a certain threshold, the
corresponding filter tap is turned off by switching off the
corresponding set of switches. If the value of a filter coeffi-
cient is above a certain threshold, the corresponding filter tap
is kept on by switching on the corresponding set of switches.
The threshold can be determined empirically or theoretically.

FIG. 4 is a flow chart that illustrates an exemplary opera-
tion of the echo cancellation device 300 depicted in FIG. 3. In
the exemplary operation, the delay elements 314 are adjusted
first and the filter taps are adjusted later, in order to reduce the
power consumption of the adaptive filter 302.

At step 402, the filter control unit 304 performs an initial
filter setup by keeping all the FIR filter taps on and keeping
the delay elements 314 to its minimum possible value. After
the initial setup, the adaptive filter 302 begins operation, at
step 404. The filter control unit 304 monitors the mean square
error (MSE) of the echo cancelation error, e(n), at step 406
and checks whether or not the mean square error (MSE) of the
echo cancelation error, e(n), is outside a predefined range, at
step 408. If the mean square error (MSE) of the echo cance-
lation error, e(n), falls outside the predefined range, the filter
control unit 304 adjusts (increases or decreases) the number,
k, of operating delay elements, at step 410 and continues to
monitor the mean square error (MSE) of the echo cancelation
error, e(n).

If the mean square error (MSE) of the echo cancelation
error, e(n), falls within the predefined range, the number, k, of
enabled delay elements 314 is assumed to be correct and the
filter control unit 304 monitors the filter coefficients, C,, C,,
C,, ..., Cy, of the adaptive filter 302, at step 412, and checks
whether or not the filter coefficients, C,, C,, C,, . . ., Cy, are
less than the corresponding predefined thresholds, at step
414. If one of the filter coefficients, C,, C,, C,, .. ., Cy, is
larger than the corresponding predefined threshold, the filter
control unit 304 continues to monitor the filter coefficients,
Cp, C1, Cs, . . ., Cy. If one of the filter coefficients, C,, C,,
C,, ..., C,, is smaller than the corresponding predefined
threshold, the filter control unit 304 turns off the correspond-
ing filter tap, at step 416.

After fine tuning of the delay elements 314 and filter taps,
the filter control unit 304 checks whether or not the adaptive
filter 302 reaches its steady state position, at step 418. If the
adaptive filter 302 does not reach its steady state position, the
filter control unit 304 continues to monitor the mean square
error (MSE) of the echo cancelation error, e(n),” and the filter
coefficients, C,, C,, C,, . . ., C,. If the adaptive filter 302
reaches its steady state position, the filter control unit 304
continues to monitor the mean square error (MSE) of the echo
cancelation error, e(n), at step 420, and checks whether or not
the mean square error (MSE) of the echo cancelation error,
e(n), is outside a predefined range, at step 422. If the mean
square error (MSE) of the echo cancelation error, e(n), falls
within the predefined range, the filter control unit 304 con-
tinues to monitor the mean square error (MSE) of the echo
cancelation error, e(n). If the mean square error (MSE) of the
echo cancelation error, e(n), falls outside the predefined
range, the filter control unit 304 first turns on all of the filter
taps, at step 424, and continues to monitor the mean square
error (MSE) of the echo cancelation error, e(n), at step 406.

FIG. 5 is a process flow diagram of a method for operating
a filter for echo cancellation in accordance with an embodi-
ment of the invention. The filter may be similar to or same as
the adaptive filter 104, 204, 304 depicted in FIG. 1, 2 or 3. At
block 502, at least one of a filter coefficient of the filter and an
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echo cancellation error is monitored to generate a monitoring
result. At block 504, in response to the monitoring result, at
least one of delay elements and filter taps of the filter is
adjusted to vary an impulse response of the filter

The various components or units of the embodiments that
have been described or depicted (e.g., the filter control units
104, 204, 304, the monitoring modules 108, 208, 308, the
adjustment modules 110, 210, 310) may be implemented in
hardware, software that is stored in a non-transitory computer
readable medium or a combination of hardware and software
that is stored in a non-transitory computer readable medium.
The non-transitory computer readable medium can be an
electronic, magnetic, optical, electromagnetic, infrared, or
semiconductor system (or apparatus or device), or a propa-
gation medium. Examples of a non-transitory computer-read-
able medium include a semiconductor or solid state memory,
magnetic tape, a removable computer diskette, a random
access memory (RAM), a read-only memory (ROM), a rigid
magnetic disk, and an optical disk. Current examples of opti-
cal disks include a compact disk with read only memory
(CD-ROM), a compact disk with read/write (CD-R/W), a
digital video disk (DVD), and a Blu-ray disk. Furthermore,
the various components or units of the embodiments (e.g., the
filter control units 104, 204, 304, the monitoring modules
108, 208, 308, the adjustment modules 110, 210, 310) that
have been described or depicted may be implemented in a
processor, which may include a multifunction processor and/
or an application-specific processor.

Although the operations of the method herein are shown
and described in a particular order, the order of the operations
of the method may be altered so that certain operations may
be performed in an inverse order or so that certain operations
may be performed, at least in part, concurrently with other
operations. In another embodiment, instructions or sub-op-
erations of distinct operations may be implemented in an
intermittent and/or alternating manner.

In addition, although specific embodiments of the inven-
tion that have been described or depicted include several
components described or depicted herein, other embodiments
of the invention may include fewer or more components to
implement less or more feature.

Furthermore, although specific embodiments of the inven-
tion have been described and depicted, the invention is not to
be limited to the specific forms or arrangements of parts so
described and depicted. The scope of the invention is to be
defined by the claims appended hereto and their equivalents.

What is claimed is:
1. A method for operating a filter for echo cancellation, the
method comprising:

estimating a communication channel echo using the filter;

calculating an echo cancellation error as the difference
between the estimated communication channel echo and
an input signal received at the filter;

monitoring at least one of a filter coefficient of the filter and
the echo cancellation error to generate a monitoring
result; and

in response to the monitoring result, adjusting at least one
of delay elements and filter taps of the filter to vary an
impulse response of the filter by simultaneously turning
on or turning off a set of switches including a first set of
switches and a second set of switches, where the first set
of switches controls a connection between a delay ele-
ment of the filter and a corresponding multiplier of the
filter and the second set of switches controls a connec-
tion between the corresponding multiplier and a corre-
sponding adder unit of the filter.
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2. The method of claim 1, wherein monitoring the at least
one of the filter coefficient of the filter and the echo cancel-
lation error comprises comparing the echo cancellation error
with a predefined range.

3. The method of claim 2, wherein adjusting the at least one
of'the delay elements and the filter taps of the filter comprises
enabling at least one of the delay elements if the echo can-
cellation error falls outside of the predefined range.

4. The method of claim 2, wherein adjusting the at least one
of'the delay elements and the filter taps of the filter comprises
enabling at least one of the delay elements only if the echo
cancellation error falls outside of the predefined range.

5. The method of claim 1, wherein monitoring the at least
one of the filter coefficient of the filter and the echo cancel-
lation error comprises comparing the filter coefficient of the
filter with a predefined threshold.

6. The method of claim 5, wherein adjusting the at least one
of'the delay elements and the filter taps of the filter comprises
if the filter coefficient is smaller than the predefined thresh-
old, turning off a corresponding one of the filter taps.

7. The method of claim 6, wherein adjusting the at least one
of'the delay elements and the filter taps of the filter comprises
if the filter coefficient is larger than the predefined threshold,
turning on or keeping on the corresponding one of the filter
taps.

8. The method of claim 1, wherein monitoring the at least
one of the filter coefficient of the filter and the echo cancel-
lation error comprises comparing all of the filter coefficients
of'the filter with predefined thresholds.

9. The method of claim 8, wherein adjusting the at least one
of'the delay elements and the filter taps of the filter comprises:

if one of the filter coefficients is smaller than a particular

predefined threshold, turning off a corresponding filter
tap; and

if the one of the filter coefficients is smaller than the par-

ticular predefined threshold, turning on or keeping on
the corresponding filter tap.

10. The method of claim 1, wherein the filter is a finite
impulse response (FIR) filter.

11. The method of claim 1, wherein the filter is a part of a
serial communication device.

12. The method of claim 1, wherein monitoring the at least
one of the filter coefficient of the filter and the echo cancel-
lation error comprises comparing a mean square error of the
echo cancelation error with a predefined range, and wherein
adjusting the at least one of the delay elements and the filter
taps of the filter comprises enabling at least one of the delay
elements if the mean square error of the echo cancellation
error falls outside of the predefined range.

13. A system for operating a filter for echo cancellation, the
system comprising:

at least one delay element;

a set of switches including a first set of switches and a

second set of switches;

amultiplier unit connected to the atleast one delay element

via the first set of switches;

anadder unit connected to the multiplier unit via the second

set of switches;

a monitoring module configured to monitor at least one of

a filter coefficient of the filter and an echo cancellation
error to generate a monitoring result, wherein the echo
cancellation error is calculated as the difference between
an estimated communication channel echo and an input
signal received at the filter; and

an adjustment module configured to, in response to the

monitoring result, adjust at least one of delay elements
and filter taps of the filter to vary an impulse response of
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the filter by simultaneously turning on or turning off the
set of switches, where the first set of switches controls a
connection between the at least one delay element of the
filter and the multiplier unit of the filter and the second
set of switches controls a connection between the mul-
tiplier unit and the adder unit of the filter.

14. The system of claim 13, wherein the adjustment mod-
ule is further configured to enable at least one of the delay
elements if the echo cancellation error falls outside of a pre-
defined range.

15. The system of claim 13, wherein the adjustment mod-
ule is further configured to turning off a corresponding one of
the filter taps if the filter coefficient is smaller than a pre-
defined threshold.

16. A serial communication device comprising the system
of claim 13.

17. A Universal Serial Bus (USB) device or an Ethernet
device comprising the system of claim 13.

18. A method for operating a filter of a serial communica-
tion device for echo cancellation, the method comprising:

estimating a communication channel echo using the filter;
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calculating an echo cancellation error as the difference
between the estimated communication channel echo and
an input signal received at the filter;

comparing the echo cancellation error of the serial com-
munication device with a predefined range;

enabling at least one delay element of the filter if the echo
cancellation error falls outside of the predefined range
by simultaneously turning on a set of switches including
a first set of switches and a second set of switches, where
the first set of switches controls a connection between
the at least one delay element of the filter and a corre-
sponding multiplier of the filter and the second set of
switches controls a connection between the correspond-
ing multiplier and a corresponding adder unit of the
filter;

comparing a filter coefficient of the filter with a predefined
threshold; and

ifthe filter coefficient is smaller than the predefined thresh-
old, turning off a filter tap of the filter.

19. The method of claim 18, wherein the serial communi-

20 cation device is a Universal Serial Bus (USB) device or an

Ethernet device.



